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AN EXAMINATION O F  THE AMES PROTON 
ANALYZER FOR PHOTON SENSITIVITY 
INTRODUCTION 
The proton analyzer developed by th.e Ames Research Center is  
designed to determine the energies of positive ions emanating from the sun. 
This instrument cycles through 15 energy steps in about th ree  minutes. D u r -  
ing each step, the analyzer is  sensitive to ions of a portion of the total ener- 
gy range and indicates the flux of such ions by producing a d. c. output voltage 
which is a function of that flux. If the analyzer should be sensitive to photons 
of solar energies and fluxes in any of these channels, the ion energy data a r e  
rendered doubtful o r  meaningless. 
The purpose of this experiment i s  to  tes t  this sensitivity by bom- 
barding the analyzer with photons of three different wavelengths with fluxes 
corresponding to those produced by the sun. During the bombardment, the 
orientation of the analyzer is changed and the output measured as a function 
of the azimuth and elevation angles as well as wavelength, See Figure 1 
for the arrangement nf this  expeiirr.efit. 
SOURCE WAVELENGTHS AND FLUXES 
.r 
The proton analyzer was bombarded with photons of the following 
wave1ength.s and fluxes. 
the ear th ' s  atmosphere.  
These correspond to the solar photon emission above 
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Figure 1. Carbon K a  (44%) and Beryllium K a  (113%) Bombardment 
of  the Ames Proton‘ Analyzer 
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B 1 2 1 6  A (Lyman a) 7 .0  to  8 . 0  x l oax  photons/cma sec 
113 A* (Be Ka) 3 x lo9 photons/cma sec 
3 x 10’ photons/cma sec 44 A (C Ka) 
CALIBRATION OF SOURCES 
The Lyman a source,  a capillary discharge tube, was calibrated 
as follows: A pure piece of tungsten was placed in the beam with an  electric 
field over it so that electrons would be drawn away as they were produced by 
photoelectric effect. See Figure 2 for dimensions and arrangement. The 
1,2 
photoelectric yield for this  wavelength is 0. 03 electrons/photon. 
I’ 
The flux is obtained with the following formula: 
Photo cathode Current  
Photoelectric Yield X Area of Photocathode ’ .  FLUX = . 
These were the data: 
Photo cathode Photocathode Photoelectric 
Current Area Yield Flux -
24 X 10’’ A 6.45 c m 2  3.0% 8.0 X 10” photons/cma 
The proton analyzer-was placed at the same distance from the source SO that 
geometric attenuation did not enter the calculations. 
The beryllium source, an electron g m  with z bery!!ium target, 
3 was calibrated on the basis  of published quantum yield figures for the 
+A longer wavelength was not used here (in deviation f r o q  the Statement of 
Work) because the source required produced, besides 304A radiation, charged 
par t ic les  to which the analyzer was sensitive. 
’W. E. G. Wheaton, 3 .  Opt. SOC.  Am, ,  54, p. 1287 (1964). 
2A. P. Lukirskii, Opt. and Spect. , 9, p.?65 (1960). 
3M. Green, X-Ray Optics and X-Ray MiCrOanalySis, Academic Press, p. 185 
3 
(1963). 
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Figure 2, Lyman-a (1216 A) Source Collimation, 
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c’naFacteristic Lines generated by electron bombardment. For 2 .5  KV, the 
quantum yield is  1 . 0  X K, photons/electron. 
Beam Current X Quantum Yield 
4rr da (cm”) 
F l u  = w 
These were the data: 
B earn 
Current 
Source 
Quantum Yield Distance 
1. o x 10-3 1 X ph/elec 12.7 cm 3 x 1  
Flux -
e photon/cma 
The carbon source was calibrated the same way except that the 
quantum yield was determined experimentally using a flow proportional 
counter with a mylar  window. A 1/8 mil  mylar  fi l ter  covered the proton 
analyzer opening. 
The gun was operated a t  2 KV, yielding these data: - 
Beam Current: 1.25 mA 
Quantum Yield: 1.55 x 10” photons/MA SR 
6.25 X lo’” SR/cma 
Filter Efficiency: 25% 
Flux: 3 X loe photons/cma/sec 
EADUTION BEAM WIDTH 
The width and uniformity of the Lyman a beam was examined by 
placing a photographic plate a t  the position of the entrance aperture  of the 
proton analyzer,  
good uniformity. 
The diameter of the beam proved to  be two inches with ’ 
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The carbon and beryllium sources were assumed to be  isotropic 
and therefore sufficiently wide and uniform for the experiment. 
RESPONSE OF PROTON ANALYZER 
.For Oo azimuth and elevation, these were the responses of the 
proton analyzer: 
Source 
Wave length 
Channel output 
Number Vo It a g e * 
2 - 14 (Average) 1.0 volts 
1216 A 15 4.0 volts 
113 A 2 - 14 0.8 volts 
0 
44 A 2 - 15 0 . 5  volts@ 
*Subtract approximately 0. 25 volt for background. 
$A mylar  filter was placed over the analyzer for this 
test .  No filter was present in the beryllium test .  
Channels 2 through 14 responded to all sources with from 0 .25  to 
0 . 7 5  volt. 
recorder  charts--Figures 3, 4 and 5--for more  detail. 
Lyman a, appeared to  saturate channel 15 (3.75 volts). See  the 
The recorder  used for this data, a Brush model BL817, was cali- 
brated by recording d. c. voltages from a calibrated power supply. 
CHANGE O F  ORIENTATION 
When the oritentation was changed the response of the analyzer 
dropped off rapidly. With Lyman a as the source tbe azimuth and elevation 
6 
Figure 3,  Backgrouqf and R e s p o v e  to Lyman- a at 1216 A at a Flux of 
10 Photon/ cm 7 . 5  X sec. 
7 
Figure  4. Backgrqund and Respense to 113. A from Beryllium at a Flux of 
3 x 10 Photons /cm sec .  
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Figure 5. Backgrtund and Respotnse to 44.5 A from Carbon at a F l u  of 
3 x, 10 Photons/ c m  sec,  
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acgles  w e r e  changed in 12.5O increments. These data a r e  summarized in . 
Table I. 
PERSONNEL 
The Lyman a and carbon Ka experiments were conducted by Mr. 
William P. Saylor. The beryllium experiment was conducted by Mr. 
Charles L. Marks. The project was supervised by Dr. A, A. Sterk. 2%~- 
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